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Abstract
Inspired in discussions presented lately regarding Lorentz-violating interaction terms in [25,
26], we propose here a slightly different version for the coupling term. We will consider a modified
quantum electrodynamics with violation of Lorentz symmetry defined in a (2+1) -dimensional
spacetime. We define the Lagrangian density with a Lorentz-violating interaction, where the the
spacetime dimensionality is explicitly taken into account in its definition. The work encompasses
an analysis of this model at both zero and finite-temperature, where very interesting features are
known to occur due to the spacetime dimensionality. With that in mind we expect that the space-
time dimensionality may provide new insights about the radiative generation of higher-derivative
terms into the action, implying in a new Lorentz-violating electrodynamics, as well the nonmini-
mal coupling may provide interesting implications on the thermodynamical quantities.
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1 Introduction
One may say that the main goal of physics is to explain phenomena in Nature, and perhaps even
to explain why physical Nature dwells in four-dimensions; however, the means that we have come
to employ in reaching this goal so far are sufficiently intricate that it has proven useful to wander
into lower-dimensional worlds, with the wishful thought that in a simpler setting we can learn useful
things about the well-recognized four-dimensional problems [1]. This in fact has already happened,
initially in two-dimensions and subsequently in three-dimensions – for instance, in condensed matter
and statistical systems.
Although we live nowadays in a thrilling era of rich high-precision experiments in particle physics,
testing long-dated gauge theories, it is matter of highly importance to improve the check upon the
structural pillars of theoretical gauge theories which may be stated as being the CPT theorem for
Lorentz-symmetric theories. Therefore, the observation of Lorentz or CPT symmetry violation would
be a sensitive signal for unconventional underlying physics. This suggests that it is rather interesting
to consider theoretical mechanisms through which Lorentz or CPT symmetry violation might be
implemented [2]. In fact, there are feasible theoretical arguments that also motivate the research on
Lorentz symmetry violation, for instance one may speculate about a deeper origin of the symmetries
observed in nature, not seen as fundamental ones, but, rather, appearing as consequences of our low-
energy world, being expected to be broken at high energies [3]. Interesting studies upon sensitive
tests of Lorentz invariance in the most diverse areas of physics were subject of attention in the past
decades [4]. In this spirit, numerous investigations on Lorentz-violating field theories were rekindled
recently, providing a better understanding on several aspects of this proposal [5, 6].
In order to incorporate these Lorentz-violating effects in a given field theory one is led to consider
two natural ways. First: Lorentz-violating terms might be understood in the standard model exten-
sion as vacuum expectation values of fundamental tensor fields or, second: these Lorentz-breaking
effects may be considered by inserting new interaction terms into the Lagrangian [7], in the form
of nonminimal Lorentz-violating coupling terms. These possibilities are rather simplified somewhat
by restricting attention to operators that maintain the conservation of energy, momentum and elec-
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tric charge. It should be emphasized that, in general, in field theory, there are two possible ways to
implement the breaking of a symmetry: explicit and spontaneous. However, it has been proposed
a stringent theorem in [8] requiring that any breaking of Lorentz symmetry must be dynamical. On
the other hand, investigations also look as cause of the breakdown of Lorentz symmetry by Nambu-
Goldstone modes. Goldstone’s theorem implies that the spontaneous breaking must be accompanied
by massless bosons (as photons and gravitons) [9].
The most natural extension to be matter of analysis would be to consider a Lorentz-violating action
having the usual and simple U (1) gauge symmetry and invariance under space-time translations, so
that charge, energy and momentum are conserved (by restricting attention to the case of constant co-
efficients [2]). So, a natural scenario is the quantum electrodynamics (QED) with violation of Lorentz
and CPT symmetry; and, in fact, it have been studied intensively in the past years. One of the most
successfully studied model nowadays, in the context of Lorentz-violating theories, is the CPT-odd
Carroll-Field-Jackiw term [10]: εµναβ (kAF)µ AνFαβ , several issues related to it were also topic of in-
vestigation [11–13]. Among the several issues analyzed lately, it is the induction of Lorentz-violating
terms by radiative corrections arising from suitable CPT and/or Lorentz-violating nonminimal cou-
pling a recurrent theme in the literature; for instance, the induction of the Chern-Simons-like action
in a Lorentz-violating massless QED by a axial fermion Lorentz-violating coupling, bµψ¯γµγ5ψ [12].
Based on the previous arguments, one may start wonder the following question: what a Lorentz-
violating term, with known characteristics and properties, may induces in a field theory model if
the spacetime dimensionality, where the system is embedded, is changed, by lowering or increasing
it. And, therefore, it is exactly in this thought where our inducement relies. In this work we shall
consider a particular scenario that suffices our interests, a low-dimensional field theory endowed with
Lorentz-violating coupling, to analyze mainly whether the spacetime dimensionality may account to
the outcome quantities. In fact, low-dimensional field theories were recognized, a long time ago,
as serving as laboratories where important theoretical ideas are tested in a simple setting [14–17],
specially on condensed matter systems; for instance, the quantum Hall effect [18]. Furthermore,
including to that, the fact that a field theory defined in a three-dimensional spacetime contains a highly
interesting inner structure, due to the odd spacetime dimensionality, it is rather natural to investigate as
theoretical options: how the spacetime dimensionality accounts in the analysis upon the generation of
Lorentz-violating terms, and whether the Lorentz-violating effects changes some known theoretical
results. These two thoughts will be developed here in the context of three-dimensional quantum
electrodynamics.
First we shall discuss how the spacetime dimensionality accounts in the character of the radiative
corrections, obtaining as the outcome a perturbative generation of higher-derivative Lorentz-violating
terms.1 Next, since it is important to analyze the stability of these models as a function of environ-
mental variations, we shall consider finite temperature effects in the model by investigating whether
and how the Lorentz-breaking effects change known general properties of the form factors from the
1The issue of generation of higher-derivative Chern-Simons term in three-dimensional QED is a recurrent subject in
the literature [19].
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polarization tensor [16]. Actually, the issue in determining whether symmetry breaking and restora-
tion takes place at high temperatures, where the temperature is responsible for setting the energy
scale, it was subject of analysis in diverse works [12, 20]. In addition, some interesting aspects of
three-dimensional Lorentz-breaking theories have been discussed recently in Ref. [21].
Within the context of the Lorentz symmetry breaking, higher-order terms were always present in
the literature: the first known higher-derivative example is the gravitational Chern-Simons term [22];
another important example is the so-called Myers-Pospelov term [23, 24]. Many other analysis led to
an impressive development in the subject of generation of higher-derivative terms [25–27]. Originally,
the presence of higher-derivatives was known by improving the ultraviolet behavior and renormaliz-
ability of field theories, this behavior, in particular, plays a key role in the study of the quantum theory
of gravity [28]. Nevertheless, non-relativistic field theories around Lifshitz points, with anisotropic
scaling between space and time, have been of interest for a variety of problems, and have been con-
sidered as possible ultraviolet completions of low-energy effective actions for applications to particle
physics and gravity, as well as for its renormalizability, introducing therefore unusual and interesting
aspects [20, 29].
In this paper, we study the aspects of the three-dimensional QED added by a nonminimal Lorentz-
violating coupling term, which takes into account the spacetime dimensionality; it is discussed, in
particular, the radiative correction at one-loop order of the polarization tensor at both zero and finite
temperature. We start by discussing the general properties of the QED with this nonminimal coupling
term, also analyzing its relation to some other coupling terms. We conclude the section by con-
structing the polarization tensor at one-loop when considering the contributions of the nonminimal
coupling. In Sect.3, we evaluate the contribution of the Lorentz-violating coupling, and show how it
sum with the usual contribution and to complete the discussion we write the higher-derivative contri-
bution in the Lagrangian level, this shows that the Maxwell-Chern-Simons electrodynamics must be
modified, implying in a new Lorentz-violating electrodynamics. In Sect.4, we present the calculation
and results of the finite temperature effects and analyze the implication of the Lorentz-violating cou-
pling into the known expression of the form factor of polarization tensor. In Sect.5 we summarize the
results, and present our final remarks and prospects.
2 General discussion
Actually the study of higher-derivative terms in field theories for a three-dimensional spacetime
is a recurrent theme in many different context [19]. Based on recent proposals regarding Lorentz-
violating interaction terms in the Refs. [25, 26], we analyze here a slightly different version of these
coupling terms. With this analysis, we expect to obtain information about the implications and effects
of such known terms in a field theory, when it is defined in a lower-dimensional spacetime; i.e., we
expect to gain further insights about the role played by the spacetime dimensionality in a Lorentz-
violating field theory. Hence, we shall consider a (2+1)-dimensional spacetime, and a Lagrangian
density with a Lorentz-violating interaction which takes into account the spacetime dimensionality.
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Therefore, we write it as
L = LQED +λ (KAF)µαβ ψ¯γµ ψFαβ , (2.1)
based on the two-component spinor, we use a two-dimensional realization of the Dirac algebra
γ0 = σ 3, γ1 = iσ 1, γ2 = iσ 2, (2.2)
γµ γν = ηµν − iεµναγα , ηµν = (1,−1,−1) , (2.3)
The σ a’s are Pauli matrices. In a three-dimensional spacetime discrete symmetries are somewhat
unusual [14]. Charge conjugation,
ACµ =−Aµ , ψC =−iγ1ψ†, (2.4)
leaves the equation invariant. However, under parity transformation
A0P = A0
(
x0,x
′) , A1P =−A1 (x0,x′) , (2.5)
A2P = A2
(
x0,x
′) , ψP =−iγ1ψ (x0,x′)
with x′ = (−x1,x2), and time-inversion
A0T = A0 (−x0,x) , AaT =−Aa (−x0,x) , ψT =−iγ2ψ
(
x0,x
′) , (2.6)
the mass term changes its sign. But it is still CPT invariant. The Lorentz-violating term, though, is
CPT-odd clearly. Nevertheless, still on the Lorentz-violating term, we may could keep the bilinear
λ (KF)µναβ ψ¯γµγν ψFαβ as proposed in [24], which is CPT-even; but, due to the two-dimensional
realization, [γµ ,γν ] = −2iεµνλ γλ , we can write it equivalently as −2iλ (KF)µναβ εµνλ ψ¯γλ ψFαβ ,
and finally relate the coefficients as: (KAF)λαβ = −2iλ (KF)µν αβ εµνλ .2 This shows, therefore, that
both choices to the nonminimal coupling are related. Thus, we will investigate here the first case as
proposed above in the Eq.(2.1).
Furthermore, the tensor (KAF)µαβ in (2.1) is antisymmetric in the last two indices: (KAF)µαβ =
(KAF)µ[αβ ]. Note that, bearing that in mind, we may parameterize the tensor (KAF)µαβ by the vector
defined as: κα = (KAF)µαµ , which fulfills the following linear combination
(KAF)µαβ =
1
2
(
ηµβ κα −ηµακβ
)
. (2.7)
With this particular choice one finds
L = ψ¯ (iγ.∂ −m)ψ− 1
4
FµνFµν − 12ξ
(
∂µ Aµ
)2
+Lint , (2.8)
with the interaction term given by
Lint =−gAµ ψ¯γµ ψ +λκαψ¯γµψFαµ . (2.9)
2This can be seen as related also with the four-dimensional term in [24], with the nonminimal coupling given by:
−gεµνλ ρbρψ¯γµψFνλ , where the bρ is a constant vector implementing the Lorentz symmetry breaking. This interaction
is known to generate radiatively the Myers-Pospelov term and a higher-derivative Carroll-Field-Jackiw term.
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One should notice that the minimal coupling g and the nonminimal one, proportional to λ , have dif-
ferent length dimensions [30]. At last we can derive the Feynman rules for the perturbative treatment,
Λµ (p,q;r) = [igγµ −λκσ γα (rαηµσ − rσ ηµα)]δ (p+q+ r) . (2.10)
Through that we can write the polarization tensor at one-loop order as
Πµν (k) = i
∫ dω p
(2pi)ω
Tr
[
Λµ (p,−p− k;k)S (p+ k)Λν (p+ k,−p;−k)S (p)
]
, (2.11)
Such expression takes into account all contributions for the radiative corrections from the Lorentz-
violating term, including the usual QED3 as well. As it will be shown next, the way that the relevant
contributions sum it will be rather interesting and surprisingly particular. Now we will investigate
Eq.(2.11) at T = 0 and at T 6= 0 to see which implications may be generated at one-loop approxima-
tion.
3 One-loop correction at T = 0
Nevertheless, we start by evaluating Eq.(2.11) at T = 0 through dimensional regularization. There-
fore,
Πµν (k) =− iµ3−ω
∫ dω p
(2pi)ω
Tr
[(
igγµ −λγα
(
κµkα −ηµα κβ kβ
)) (−i)
γ.(p+ k)−m
×(igγν −λγσ (κνkσ −ηνσ κρkρ)) (−i)γ.p−m
]
. (3.1)
Actually, due to the linearity of Λ regarding its dependence to the γ’s, we can evaluate the trace
operation in general terms as
Nµν (p,k) = Tr [γµ (γ.(p+ k)+m)γν (γ.p+m)] , (3.2)
it suffices the following three-dimensional result (for two-components realization)
γµγν = ηµν − iεµναγα , (3.3)
resulting, thus, into the expression3
Nµν (p,k) = 2
{
2pµ pν + kµ pν + kν pµ + imεµνδ kδ +
(
m2− p.(p+ k))ηµν
}
. (3.4)
First we calculate
Πµν
(a)
(k) =−ig2µ3−ω
∫ dω p
(2pi)ω
Nµν (p,k)(
(p+ k)2−m2
)
(p2−m2)
, (3.5)
3As we do not have the presence of dimension-dependent γ5 matrix here there are not ambiguities in this calculation
at dimensional regularization.
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now, following standard rules of dimensional regularization, it is not complicated to one finds
Πµν(a) (k) =
g2
2pi
(
k2ηµν − kµkν) f2 (k,m)+ g24pi imεµνδ kδ f1 (k,m) , (3.6)
where we have defined the functions
f1 (k,m) =
∫ 1
0
dz 1
(m2− z(1− z)k2) 12
, (3.7)
f2 (k,m) =
∫ 1
0
dz z(1− z)
(m2− z(1− z)k2) 12
. (3.8)
Moreover, after some algebraic manipulation, we can calculate the next contribution
Πµν
(b) (k)+Π
µν
(c)
(k) = gλ µ3−ω
∫ dω p
(2pi)ω
(
κνkσ Nµσ +κµkαNαν −2κρkρNµν
)
(
(p+ k)2−m2
)
(p2−m2)
. (3.9)
Again, through well-known methods, one gets
Πµν
(b) (k)+Π
µν
(c)
(k) =gλ
2pi
mεµνδ kδ
(
κρkρ
) f1 (k,m)
+ i
gλ
pi
(
kµkν − k2ηµν)(κρ kρ) f2 (k,m) . (3.10)
Actually, it is related to the first contribution as
Πµν(b) (k)+Π
µν
(c) (k) =−i
2λ
g
(
κρkρ
)
Πµν(a) (k) . (3.11)
At last, we compute the fourth contribution,
Πµν(d) (k) =iλ
2µ3−ω
(
κµ kα −ηµα κβ kβ
)(
κνkσ −ηνσ κρkρ
)
×
∫ dω p
(2pi)ω
Nασ (p,k)(
(p+ k)2−m2
)
(p2−m2)
, (3.12)
which results simply into
Πµν
(d) (k) =
λ 2
2pi
(
κβ kβ
)2 (
kµkν − k2ηµν) f2 (k,m)− λ 24pi
(
κβ kβ
)2
εµνδ kδ im f1 (k,m) . (3.13)
We also can write it as
Πµν(d) (k) =−
λ 2
g2
(
κβ kβ
)2
Πµν(a) (k) . (3.14)
Therefore, by summing the four contributions one determines
Πµν (k) =
[
1− i2λ
g
(
κρkρ
)− λ 2
g2
(κσ kσ )2
]
Πµν
(a)
(k) ,
=
(
1− iλ
g
(
κρ kρ
))2
Πµν
(a)
(k) , (3.15)
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where Πµν
(a)
(k) is given by (3.6). Besides that, it follows from (3.15) the verification that
kµΠµν (k) = 0. (3.16)
Assuring, therefore, that at 1-loop level, the modified Lagrangian (2.8) is free of gauge anomalies.
The expressions f1 (k,m) and f2 (k,m) are explicitly evaluated for 0 < k2 < 4m2
f1 (k,m) = 2√
k2
coth−1
(
2m√
k2
)
, (3.17)
f2 (k,m) =− |m|2k2 +
(
1+ 4m2k2
)
4
√
k2
coth−1
(
2m√
k2
)
, (3.18)
while, by analytic continuation, one finds the expressions for k2 > 4m2. Moreover, a limit of interest
is for k2
m2
→ 0, where the low-energy effects (in which k2 ≪ m2) take place,
f1 (k,m) = 1|m| , f2 (k,m) =
1
6 |m| . (3.19)
One finds, thus, that the mixed contribution (3.10) yields the Lagrangian,
L(b,c) =
gλ
12pi |m|κρFµν∂
ρ Fµν +
gλ
4pi
m
|m|κ
ρεµνδ Aµ∂ρFνδ , (3.20)
whereas, for the full Lorentz-violating contribution (3.13) it follows
L(d) =
λ 2
24pi |m|Fµν (κ .∂ )
2 Fµν +
λ 2
4pi
m
|m|Aµε
µνδ (κ .∂ )2 Fνδ , (3.21)
in coordinate space. Although all contributions can also be rewritten as
Lt =
g2
24pi |m|Fµν
(
1+ λ
g
(κ .∂ )
)2
Fµν +
g2
4pi
m
|m|Aµ
(
1+ λ
g
(κ .∂ )
)2
εµνδ Fνδ . (3.22)
As present here in the Eq.(3.22), higher-derivative terms in three-dimensional field theories is a theme
analyzed recurrently in the literature [19]. 4 Furthermore, our analysis has shown that the radiative
correction to the one-loop vacuum polarization had lead to a higher-order dimension-three CPT-odd
term (3.22), by the addition of a nonminimal coupling. This shows that the Maxwell-Chern-Simons
electrodynamics must be modified by the inclusion of such term in its structure, implying in a new
Lorentz-violating electrodynamics. Looking up to the second premise of the present work, we shall
discuss whether the Lorentz-violating effects changes some known theoretical results. To accomplish
this analysis we will discuss how the Lorentz symmetry breaking may accounts to some known results
of thermal effects involving the form factors of the polarization tensor.
4Moreover, a related situation also appears for the case of spontaneous parity breaking [14].
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4 One-loop correction at T 6= 0
As discussed earlier it has become an increasingly important subject of analysis nowadays field
theory models endowed with Lorentz-breaking terms, and it is equally important to address the ques-
tion of stability of these models as a function of environmental variations. Adding to that the fact
that the three-dimensional QED at finite temperature is known to possesses several interesting prop-
erties [16] – observables are finite and the theory is well defined,– and also the interesting result of the
previous section, it is expected to obtain here further insights about whether Lorentz-breaking effects
may contribute to the well-known properties of QED3. 5 It is worth of stressing, however, that when
we evaluate the electric and magnetic screening masses, we will present the resulting expression in
the massless limit in order to have a much simpler but still elucidating content.
On its most general covariant form the polarization tensor involves a dependence on ηµν , external
momentum kµ and at the thermal bath velocity uµ [32]. Moreover, due to the Ward-Takahashi identity
we know that the self-energy tensor must be transverse to external momentum,
kµΠµν (k) = 0. (4.1)
This identity works as a guideline to us to construct, the most general covariant structure for Πµν
subject to a thermal bath, it would be
Πµν (k) = Pµν ΠS
(
k2
)
+
uµuν
u2
Πu
(
k2
)
+ iεµναkαΠA
(
k2
)
, (4.2)
where,
Pµν = ηµν −
kµkν
k2 −
uµuν
u2
. (4.3)
We shall evaluate the self-energy at the static limit (analytic expressions), k0 → 0, and it becomes
interesting to choose the thermal bath as at rest, i.e., uµ = nµ ; where nµ =
(
1,−→0
)
. All of that allows
one to obtain the form factors,
Πu
(
k2
)
=nµnνΠµν , (4.4)
ΠA
(
k2
)
=
1
2ik2 εµνσ k
σ Πµν , (4.5)
ΠS
(
k2
)
=ηµν Πµν −Πu
(
k2
)
. (4.6)
We shall evaluate Eq.(2.11) at T 6= 0 through imaginary-time formalism [32]. First, remembering that
in the imaginary-time approach the fermionic momentum is replaced by p0 → iωl = piiβ (2l +1), while
the external momentum is modified as kµ =
(
k0,
−→k
)
→
(
iωn,
−→k
)
, where ωn = 2pinβ is the bosonic
Matsubara frequency.
The momentum sum will be evaluated at the static limit, where the self-energy possesses an
analytic structure; while the momentum integral is evaluated at the hard thermal loop, where all
5Actually, studies on Lorentz-violating effects at finite temperature, but in a four-dimensional field theory, was pre-
sented in [31].
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the external momenta are neglected with the internal one [32]. Therefore, these information lead
to: Πµν (k) = Πµν
(
k0,
−→k
)
→ Πµν
(
0,
−→k
)
, also the numerator Nµν (p), Eq.(3.4), containing the
γ-matrices, reduces to
Nµν (p) = 2
{
2pµ pν + imεµνδ kδ +
(
m2− p2)ηµν} . (4.7)
With the above results we are able to evaluate the sum over the fermionic frequencies remaining,
therefore, only the momentum integral. Thus, we can write the four contribution as
Πµν
(a)
(
0,−→k → 0
)
=−g2 ˜Πµν , (4.8)(
Πµν(b)+Π
µν
(c)
)(
0,
−→k → 0
)
=gλ
(
κµ kα ˜Παν +κνkσ ˜Πµσ −2(κ .k) ˜Πµν
)
, (4.9)
Πµν
(d)
(
0,
−→k → 0
)
=−λ 2
(
κµkα −ηµα κβ kβ
)(
κν kσ −ηνσ κρkρ
)
˜Πασ . (4.10)
where we have defined the quantity
˜Πµν
(
0,−→k → 0
)
=2
∫ d3 ppµ pν
(2pi)2
I(2)δ (p0−ωp)+(ηµν −2nµnν)
∫ d2p
(2pi)2
I(1)
+ imεµνδ kδ
∫ d2p
(2pi)2
I(2), (4.11)
and introduced these as well
I(1)
(
0,
−→k → 0
)
=− 1
ωp
nF (ωp) , (4.12)
I(2)
(
0,
−→k → 0
)
=
1
2ω2p
n′F (ωp)−
1
2ωp3
nF (ωp) . (4.13)
where nF (θ) = 11+eβθ is the fermionic distribution. Thus, we start by computing Πu
(
k2
)
, from
Eq.(4.4) one finds
Πu
(
k2
)
=−
(
g2 +2gλκρkρ +λ 2
(
κρkρ
)2)
˜Π00−λ 2κ0κ0kαkσ ˜Πασ
+λ
(
g+λ
(
κρ kρ
))
κ0kσ
(
˜Πσ0 + ˜Π0σ
)
. (4.14)
We will keep considering the general case k =
(
0,
−→k
)
. Let us evaluate the above terms directly. It is
known: d2 p = 2pdpdψ , where we choose ψ as the angle between p and k. Therefore, one obtains
˜Π00
(
0,−→k 2 = m2mag
)
=− 1
2pi
1
β ln
[
1+ emβ
]
+
m
2pi
1
1+ e−mβ
≡−m˜2el, (4.15)
a relation that defines the usual electric screening mass. In the massless limit the electric mass goes
as: m˜2el =
1
2pi
1
β ln2. Discarding the independent temperature terms, one determines the complete
longitudinal contribution
Πu
(
0,
−→k → 0
)
=
1
2pi
(
g2 +2gλ (κ .k)+λ 2 (κ .k)2
)[ 1
β ln
[
1+ emβ
]
− m
1+ e−mβ
]
+
λ 2
4pi
(κ .n)2 k2
[
4
β ln
[
1+ emβ
]
− m
1+ e−mβ
+m tanh
(
mβ
2
)]
. (4.16)
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In the massless limit the complete screening electric mass reads as
m2el =
1
2piβ
(g+λ (κ .k))2(
1− λ 2piβ (κ .n)2 ln2
) ln2. (4.17)
Of course this screening mass regulates infrared divergences for the longitudinal portion of the photon
propagator. However, it still necessary to check whether this is true for the transverse (ΠS) and Chern-
Simons (ΠA) portions.
Next, we compute the Chern-Simons form factor through Eq.(4.5). After some integral evaluation
and algebraic manipulation we have
ΠA
(
0,
−→k → 0
)
=− 1
4pi
(g+λ (κ .k))2 tanh
(
mβ
2
)
. (4.18)
One may easily check that the zero temperature limit correctly recovers Eq.(3.6); but, on the other
hand, as the fermion mass goes to zero, Eq.(3.6) provides a finite result whereas the finite temperature
expression (4.18) approaches zero if T is kept finite (the correct result is obtained if one takes the
limit before performing the integral).
Finally, we compute the last form factor: ΠS
(
k2
)
through Eq.(4.6). As we already have evaluated
Πu in Eq.(4.16), it only remains to compute the quantity ηµν Πµν . Thus, evaluating the momentum
integral, one gets
ηµν Πµν
(
0,−→k → 0
)
=− m
2pi
(
(g+λ (κ .k))2− 1
2
λ 2 (κ .κ)k2
)
tanh
(
mβ
2
)
+
1
2piβ
(
g2 +2λ 2 (κ .κ)k2−λ 2 (κ .k)2
)
ln
[
1+ emβ
]
− λ
2
4pi
(κ .κ)k2 m
1+ e−mβ . (4.19)
Therefore, at the massless limit, one finds for the magnetic screening mass
m2mag ≡−ΠS
(
0,−→k 2 = m2mag
)
=
1
piβ
(
gλ (κ .k)+λ 2 (κ .k)2 +m2magλ 2 (κ .n)2−m2magλ 2 (κ .κ)
)
ln2, (4.20)
or
m2mag =
1
piβ
(
gλ (κ .k)+λ 2 (κ .k)2
)
(
1− λ 2piβ (κ .n)2 ln2+ λ
2
piβ (κ .κ) ln2
) ln2. (4.21)
It is easy to see that the usual QED contribution of magnetic screening mass is null, and it remains
true to all orders [16]; nevertheless, there are new contributions arising from the Lorentz-violating
interaction, generating therefore a nontrivial magnetic mass. A similar thermal effect is also present
in the noncommutative QED [33]. In fact, it should be emphasized that the previous result has an
important implication in the fermionic self-energy. It is well known that a vanishing magnetic mass
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in QED implies that the fermionic self-energy is infrared divergent [16] (actually, one may relate
this divergence to the presence of 1/q2 terms in the complete expression for the photon propagator).
But, as we have showed right above, in the Eq.(4.21), we have a nonvanishing magnetic that changes
the propagator pole as: (q2−m2mag)−1, thus the logarithmic infrared divergence is absent from the
fermion propagator in our present case.
5 Concluding Remarks
In this work we developed a study in a modified quantum electrodynamics endowed with a
Lorentz-violating nonminimal coupling, embedded in a three-dimensional spacetime. The main aim
of the paper consisted in analyze whether the spacetime dimensionality accounts to the Lorentz-
violating effects in the outcome quantities. The analyzed nonminimal coupling takes into account the
spacetime dimensionality; moreover, due to our choice of two-component realization for the spinor
field, it was shown how this coupling is related to other couplings known in the literature. The present
study was mainly motivated by the numerous theoretical ideas that were tested in the simple setting
of low-dimensional field theories, in particular in condensate matter systems, e.g., the quantum Hall
effect. And, in our point of view, the behavior of Lorentz-violating couplings certainly is one of
the ideas that deserves a detailed study in this scenario [21]. Hence, it is worth of investigation as
theoretical options: how the spacetime dimensionality accounts in the analysis upon the generation
of Lorentz-violating terms, and whether the Lorentz-violating effects change some known theoret-
ical results. These two thoughts guided us in the development of the present analysis. In order
to accomplish that, we first discussed how the spacetime dimensionality accounts in the perturba-
tive generation of higher-derivative Lorentz-violating terms by evaluating explicitly the nonminimal
coupling contribution to the polarization tensor and how it sums to the usual one. Moreover, such
contribution was written in the context of Lagrangian density to elucidate its content. This showed
that the Maxwell-Chern-Simons electrodynamics must be modified by the inclusion of such term in
its structure, implying in a new Lorentz-violating electrodynamics. Next, we considered the role
played by thermal effects in the model, investigating how the Lorentz-breaking effects change the
known general properties of the form factors from the polarization tensor. The most interesting result
on the thermal analysis was the generation of a nontrivial magnetic screening mass arising from the
Lorentz-violating coupling; moreover, this nonvanishing screening magnetic mass also results in a
finite infrared expression for the fermionic self-energy [16]. A similar thermal effect is also found in
the noncommutative QED [33].
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